There is an urgent issue on huge quantities of construction wastage generation in construction.
Introduction
Construction waste is considered one of the main factors having impacts to the environment.
Construction waste is defined as the by-product generated and removed from construction, renovation and demolition workplaces or sites of building and civil engineering structure [1] .
With the increasing demands in implementing major infrastructure projects, together with many commercial buildings and housing redevelopment programmes, a large amount of construction waste is being produced. Existing works have proposed various waste management approaches. Petts [2] promoted the proactive community involvement in implementing waste management, and suggested consensus building among the public in order to control waste generation and mitigate the waste impacts to the environment. Coffey [3] pointed out that considerable waste reduction can be achieved if waste management is implemented as part of project management functions. He suggested that whilst the choice of the optimum waste handling methods should be determined by considering the cost implications, any practices, which will induce waste reduction, must be encouraged.
The provision for training and education among staff and involving employees' participation as more effective approaches in implementing waste management [4] [5] . However, employees' participation could only be effective with genuine support from management [4] . In fact, a previous survey reported that waste management has been receiving less attention from 2 business senior management in comparing with construction cost and time [5] . The cost for implementing waste management is often given more concern than the possible benefits that the organization can gain from the implementation.
In recent years, construction waste reuse and recycle have been promoted in order to reduce wastes and protect the environment, but the effectiveness of their application has been of limitation largely because the conditions for applying these approaches were not provided [6] .
These conditions include proper site location and equipment for waste sorting out, good experience in waste recycling operations, trained supervisors and employees, knowledge of secondary materials markets and knowledge of environmental and safety regulations.
In Hong Kong, the government is promoting the sense of environmental protection, and has been addressed in 1989 white paper, which laid down the framework for a comprehensive 10-year plan to fight against construction waste.
The local government's controls in construction waste include the implementation of Environmental Management System (EMS), Waste Reduction Framework Plan (WRFP) and various environmental related Ordinances. However, the implementation of prefabrication for the major wet-trade construction activities seems to lack to be enforced by the government on 3 the building development.
This paper provides a feasibility analysis in the applications of prefabrication in construction activities. The following issues are highlighted:
• Examines waste management in construction;
• Investigates benefits, difficulties and measures in adopting prefabrication;
• Proposes effective prefabrication models for various project types; and
• Explores a financial analysis in adopting prefabrication by a local case study.
Waste Management Strategy
Waste management in construction activities had been promoted for protecting the environment in line with the recognition that the wastes from construction works contribute significantly to the polluted environment. Construction activity is approximately to generate 20% to 30% of all wastes deposited in Australian landfills [7] ; 29% of the solid-waste stream in the USA is construction waste [8] . More than 50% of the waste deposited in a typical landfill in United Kingdom comes from construction waste [9] . Therefore, uncollected construction solid waste has become a major health hazard [10, 11] .
Running out of space for waste disposal is happening. Construction industry generates a huge 4 quantity of waste everyday and this amount reaches to 40% of the total waste intake at the landfills areas. Three main landfills areas are used in Hong Kong, namely, South East New Territories (SENT) landfill, North East New Territories (NENT) landfill and West East New Territories (WENT) landfill (see Figure 1) . However, those landfill sites are being running out and exhausted in 10 to 15 years [12] (see Tables 1 and 2 ). <Figure 1> <Table 1> <Table 2>
The conventional construction method consists of extensive cast-in-situ activities being widely used, is now under criticizing. Huge quantities of unwanted but useful surplus materials are running out of space to dispose, thus conventional method is quite difficult and not effective to control wastage of building materials on construction site. For sustainable development and to conserve landfill capacity, there is an urgent need for the industry to adopt certain new construction methods or technologies, which can reduce waste effectively [13] . Therefore, prefabrication is being widely used in European countries, Japan and Singapore.
The Survey
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Many prefabricated building components had been introduced in Hong Kong construction.
The applications of facade and staircase are the most common practices for construction activities, which can effectively reduce the waste generation and improve the environmental performance for the overall site conditions. In order to unveil the advantages, hindrances and further development of the applications of prefabrication on construction site, a questionnaire survey was conducted, which were sent to two hundred parties, including government departments, developers, consultants, main contractors and sub-contractors. Seventy have been completed and returned with a response rate of 35 percent. However, six of the questionnaires were not properly completed and only sixty-four questionnaires were valid for the analysis.
Results and Analysis
Advantages for Adopting Prefabrication
Many researchers had identified the advantages of applying prefabrication [14] [15] . Seven benefits of applying prefabrication are used for conducting the survey: i) frozen design at the early design for better adoption of prefabrication; ii) better supervision on improving the quality of prefabricated products; iii) reduce overall construction costs; iv) shorten construction time; v) environmental performance improved for waste minimization; vi) integrity on the building design and construction; and vii) aesthetic issues on the building. 6 The benefits in applying prefabrication are considered as having different levels of significance to construction businesses, and the main focus of the survey is to identify the level of recognition of these beneficial aspects. For each beneficial factors, the respondents were requested to judge the significance level by selecting one of five grades, namely, least significant, fairly significant, significant, very significant and extremely significant. The survey results are summarized in Table 3 and Figure 2 .
To examine the relative levels of the significance among these factors on benefits, an alternative approach is used to calculate the average values. According to Table 3 and Figure 2 , "better supervision on improving the quality of prefabricated products" ranked as first with average value of 4.09. The respondents claimed that prefabrication of building components can achieve better quality product by having better supervision, as the prefabricated products are tested and inspected before site installation.
"Frozen design at the early stage for better adoption of prefabrication" and "reduce overall construction costs" are ranked as second and third with the average values of 3.91 and 3.63 7 respectively. One of the respondents explained that if the standardized design layouts are used at the early stage with similar as the previous projects, the achievement on the performance in cost reduction will be much better. Adopting prefabrication and mass production of building components can reduce construction cost effectively.
The respondents argued that other than the cost can be saved from the early-standardized design layout, time can also be reduced as the prefabrication can increase the productivity and efficiency of building construction, in which this interpretation is in line with the survey's result of ranked as the fourth of the advantages of prefabrication with average value of 3.50.
Hindrances for Adopting Prefabrication
Other than the advantages in adopting prefabrication, the disadvantages on the applications of prefabrication will also be investigated. Ten hindrances on applying prefabrication are being adopted for the survey [14] [15] : i) inflexible for changes of design; ii) higher initial construction cost; iii) lack of background research information; iv) time consuming in the initial design development; v) lack of consideration for the advantages on adopting conventional construction methods on site; vi) limited site space for placing prefabricated building components; vii) leakage problems will be occurred for the joining of the prefabrication; viii) lack of experiences on the contractors; ix) monotone in aesthetics issues 8 for building; and x) lack of demand for prefabricated building components.
Similar as the analysis on the advantages of prefabrication, five significant levels will be responded from least significant to extremely significant. Table 4 and Figure 3 show the responses on the hindrances on applying prefabrication. <Table 4> <Figure 3>
From Table 4 and Figure 3 , "inflexible for changes of design" is ranked as first on the hindrances of applying prefabrication with average value of 3.62. The respondents argued that consultants and client are reluctant to adopt prefabrication for the previous projects, since the design has not frozen in development stage, which will affect adoption of prefabrication and environmental awareness for various construction parties. "Higher initial construction cost" is graded fourth with the average value of 3.39. In the discussion, the respondents explained that although the contractor found the initial cost would be higher, it is suggested to minimize the cost by deploying the advance heavy industry to Mainland China, in which some of the Hong Kong contractors had already started to build their prefabricated factories in the China practices. 9 Although "leakage problems will be occurred for the joining of the prefabrication" is not found to be the major hindrances on adopting prefabrication with an average value of 2.89 from the survey, the serious of the leakage problems seem cannot be controlled on the current practices in Hong Kong housing construction.
Future Development for Prefabrication Applications
Some recommended future development for an effective and efficient application of prefabrication are suggested [11, [14] [15] : i) relaxation of the gross floor area (GFA) for environmental design; ii) adopting prefabrication to the future projects by improving environmental awareness; iii) considering construction methods at the early design stage for standardization; iv) putting environment as the first priority on adopting prefabrication; and v) developing construction techniques for prefabrication applications.
The results are summarized as Table 5 and Figure 4 . <Table 5> <Figure 4> 10 "Considering construction methods at the early design stage for standardization" is considered as the most effective future development for better adopting prefabrication, in which it achieved the average value of 3.72. In the discussions, the respondents claimed that various construction methods will be dependent on the design layout, thus an early consideration of adopting standardized design should be effective for environmental management and waste minimization on construction processes.
According to Table 5 and Figure 4 , it is found that "adopting prefabrication to the future projects by improving environmental awareness" and "developing construction techniques for prefabrication applications" are recommended for future development in the applications of prefabrication, which both ranked as second of the average value of 3.34. Majority of the respondents are agreed that prefabrication can be applied for the future projects; however, the levels in adopting prefabricated building components should be dependent on the natures of the projects. For better promotion on environmental management and waste minimization, training and education should be provided to the construction organization [5] .
Suitability of Prefabricated Building System for Various Project Types
After the measures for better implementation of prefabrication is surveyed on the aforementioned sections, a feasibility study is examining the prefabrication building models 11 for various type of building projects. The idea for applying manufacturing technologies to the construction industry had applied for many years. Designers had explored the use of industrialized building techniques and methods as a solution for solving problems in human behaviour. Industrialization in building construction and adoption of prefabrication had been briefly introduced in construction. Industrialization is the aspect of manufacturing process which by using mass production techniques results in an increase in productivity, efficiency and quality of the product.
For collecting the experiences and opinions in adopting prefabrication in the construction site activities, four major types of building projects are considered, namely, general project, public housing, private residential and commercial projects. The data were collected analyzed. In order to understand whether the model will vary according to the project natures, comparison will be made accordingly. Firstly, the model will be presented disregarding the project nature, named as general projects. Afterwards, opinions in relation to project natures, including public housing project, private residential project and commercial project are surveyed.
Six building elements including substructure, drainage and underground services, structural frame, external works, internal works and building services had been asked on the respondents for suggesting various types of construction methods, such as conventional, 12 semi-prefabrication, comprehensive prefabrication and volumetric off-site fabrication, in relation to types of projects.
For the sake of clear understanding of the applications of prefabrication in various types of building projects, the model was constructed based on major building elements against the degree of the applications of prefabrication. Six primary elements, namely, substructure, drainage and underground services, structural frame, external works, internal works and building services, including a number of sub-elements of off-site prefabrication had been grouped for analysis [18] .
General Project
The surveyed opinion and recommendation about general projects, which discard the consideration for various types of project, is tabulated as in Table 6 under different categories of building elements.
<Table 6>
According to the data collected in Table 6 on substructure, it found that 100% and 96.3% of the respondents suggested using conventional method for construction in foundation and basement respectively. It is quite reasonable that foundation and basement are non-standard 13 design and may subject to change in responding to the underground conditions which are difficult to adopting prefabrication and predicted beforehand.
For the drainage and underground services, it is further subdivided into manhole, piping, and plant and equipment. Although there is some of the respondents are suggesting prefabrication method, the majority on 76%, 69.2% and 48.1% would be suggested adopting conventional method on plant and equipment, piling and manhole respectively. Both drainage and underground services are using standard range of prefabricated elements, which made from concrete, polymer and cast iron; therefore, it is more convenient for using cast in-situ installation on construction activities.
Six sub-elements in structural frame are classified: column, beam, bearing wall, lift shaft, stair, and slab. The majority of the respondents are recommended using conventional construction of 48.1%, 42.3%, 46.4% and 20% on column and beam, bearing wall, lift shaft, and stairs and slab respectively. Although conventional method is recommended by the majority of the respondents, system formwork is also ranked as the second recommended construction method for structural frame for enhancing the performance in terms of productivity and waste reduction; however it should depends on the natures of projects.
14 For the elements of external works, conventional method is also highly recommended by the respondents, in which 20.7% and 66.7% are suggested for external wall and roof respectively. However, another 51.4% on external wall's responds are argued that adopting comprehensive prefabrication can be achieved waste minimization in construction, for external facade is the most popular applications for prefabrication in the practices on external walls.
Conventional construction method is still highly recommended for the applications in internal works in terms of plastering, tiling, washroom and kitchen, for 48.3%, 48.4%, 43.3% and 40.7% of respondents are recommended respectively. Some of the respondents are also encouraged the fundamental perception for applying the plastering, tiling, washroom and kitchen offsite in prefabrication that will be worthwhile for economies of scale.
Normally, escalator, lift and distribution ductwork are prefabricated offsite for site installation; however, the majority of the respondents are suggesting conventional construction methods of 76.9%, 67.9%, 63% and 59.3% on plant room, lift, escalator and distribution ductwork construction respectively. Since prefabrication is becoming a norm of distribution ductwork, plant room, escalator and lift, thus conventional construction shall only refer to site installation of the prefabricated product as discussed with the respondents. 15 Although the majority of the construction elements, including substructure, drainage and underground services, structural frame, external works, internal works and building services are recommended cast-in-situ, modular prefabrication should also be encouraged in the construction, which should found to be effective and efficient from the experiences of the United Kingdom [19] .
Public Housing, Private Residential and Commercial Projects
For the waste generations on construction and demolition are included in a large amount of the total wastes generated, public housing, private residential and commercial projects are the major construction development in the construction, while industrial, school and other projects are not involved in a large values in the waste generation. Therefore, effective model for public housing, private residential and commercial projects should be considered and recommended by the respondents for better constructed on site. Tables 7, 8 and 9 summarized the results on the interviewees' opinion on the model for public housing, private residential and commercial projects respectively. <Table 7> <Table 8> <Table 9> 16 In comparing the recommended construction methods for public housing, private residential and commercial projects in Tables 7, 8 and 9 respectively, it found that the conventional construction methods are nearly 100% recommended for the foundation and basement construction in substructure for public housing, private residential and commercial projects, which may be the unexpected circumstances on the underground environment on the projects.
Comprehensive prefabricated construction methods are suggested on the developments for pubic housing projects on structural frame of 33.3%, 50%, 33.3%, 50% and 66.6% in column, beam, bearing wall, lift shaft and stairs, and slab respectively and envelop of 100% and 33.3% in external wall and roof respectively, as the results shown in Table 7 ; while private residential and commercial projects are only highly recommended for the adoption of conventional construction methods for the un-standardized design layout on those projects.
Although conventional construction methods are still the major adoption in the construction for housing and commercial developments, the building services on commercial projects are recommended for adopting neither semi-prefabrication or comprehensive prefabrication of 40% and 40%, 25% and 25%, and 16.7% and 66.6% for distribution ductwork, plant room, and lift and escalator construction respectively. These results may come from the practices of adopting the similar sized building services for the commercial and office design.
Although the adoption of the prefabrication still not strongly encouraged by the construction industry from the structured survey, there is a tendency for adopting modular prefabrication for the washroom in public housing and private residential building since it fulfill the key characteristics of prefabrication as discussed by Warszawski [20] like standardization, repetition, adopted in the design stage, mass production and client's requirement. The applications of the above suggested effective prefabrication model for the general projects, public housing, private residential and commercial projects in the construction, will also depend on the education and training for the frontline employees by enhancing their environmental awareness.
Based on the discussions with the interviewees, only five major elements can fulfill the basic prerequisite requirements of the effective prefabrication model in the presents practices of the construction activities: i) steel structural frame; ii) prefabricated external cladding; iii) prefabricated concrete slab; iv) comprehensive prefabricated washroom; and v) dry wall system. Since most of the prefabrication products are load bearing, the development of lightweight prefabrication should be introduced for reduce the cost on materials and transportation is the major tasks in construction.
Wastage Levels between Conventional and Prefabrication Constructions
Prefabrication is considered as an effective and efficient procedure for waste minimization.
Prefabrication technique can be applied for all of the construction projects; however, none of the research had done about the effectiveness on implementation of prefabrication to various types of construction projects. In order to explore wastage reduction in adopting prefabrication, thirty construction projects on adopting conventional construction and prefabrication are being measured the levels of waste generation with the details summarized as in Table 10 .
<Table 10>
In the survey, there are fourteen conventional construction projects, with twelve private housing projects and the other two are public housing projects. As Table 11 shown that the conventional construction methods are mainly adopted by private housing, while public housing projects are rarely to using the traditional in-situ methods on site activities, only applications on the industrial and school projects. On the other hand, sixteen over thirty of the construction projects are using semi-prefabrication in the site construction activities (see Table 12 ). Six construction projects are measured from private housing projects, while ten construction projects are measured from public housing projects. Most of the projects adopting semi-prefabrication are residential projects, which involved 75% of the measured According to the findings on the average wastage levels for the major construction activities carried out on site as shown in Table 13 , it is noted that the most effective waste reduction trade is plastering, which can have 100% of wastage reduction after adopting prefabrication. It can be explained that plastering can be avoided since the concrete surface of the precast items is smooth and even enough for receiving tile or subsequent finishes. During the interview discussions, the contractors argued that tiling was directly applied to the concrete surface after formwork striking, while receiving painting, only a layer of 1 to 2 mm thick skim coat is required instead of 15 to 20 mm plastering.
According to Table 13 , the average wastage level of the conventional construction method is much higher than that of prefabrication in the trades of concreting, rebar fixing, plastering and tiling. This result shows that the wastage levels vary with different trades when prefabricated building components are adopted; therefore, the standardized designs of building can reduce the wastage levels effectively.
The private housing projects generate the highest wastage levels especially for steel reinforcement, which may reflect from the non-standardized building structures resulting in different sizes of formwork, reinforcement, and brick / block work that generate higher levels of material wastage. 21 Poon et al. [21] addressed the different wastages of materials in the trades of concreting, reinforcement, drywall, plastering, screeding, tile, formwork and masonry for private and public housing projects with the results summarized in Table 14 . The table shows that the wastage in formwork, plastering and screeding for private housing projects is much higher than that for public housing projects. For the standardized design in public housing, adoption of prefabrication is more common. Therefore, it can be concluded that prefabrication can minimize construction waste effectively; the magnitude of waste reduction depends on the level of prefabrication. <Table 14> Skoyles and Skoyles [22] pointed out a problem that the natural level of material wastage depends on the cost effectiveness of the approaches used to control it. Therefore, the cost of reducing wastage directly relates to the values of material saved; however, this relationship is no longer linear. Higher cost effectiveness can only be achieved at the initial project development stage, and lower cost effectiveness happens at the later stages. Thus, the optimum level of material saved should be identified before projects start. The optimum level should be the small improvement cost in reducing wastage that brings about a large impact on materials saved and increase in profits. It seems to be more effective to reduce the wastage for 22 items bearing higher levels of wastage, which have relatively larger room for wastage reduction. This approach is important in determining where attention should be focused to maximize saving from material wastage.
Financial Analysis in Adopting Prefabrication: A Case Study
After analysis the wastage reduction in adopting prefabrication, a typical project is illustrated to highlight financial behaviour of project. The quantities of materials used in an example of a project are summarized in Table 15 .
<Table 15>
Four materials are focused in this project, including concrete, reinforcement, plastering and tiling. The wastage level of this project is twenty per cent [it stated as "original quantity of waste" in Table 15 ]. As analyzed the wastage reduction after adopting prefabrication in the previous section [it stated as "wastage reduction level" in Table 15 ], the wastage level reduced significantly [it stated as "new quantity of waste" in Table 15 ].
From the result, it clearly illustrated that a huge amount of wastage can be reduced after adopting prefabrication. Up to 84.7 per cent can be saved for wastage reduction for four major types of materials. However, prefabrication will only be successful when contractors and 23 developers enjoy cost savings. Interviewees suggested that cost was the key factor at this critical moment of economical downturn. Prefabrication will only bring about cost saving when the following issues are addressed: i) fully mechanizing the construction process using heavy plants; ii) turning construction into an assembling industry rather than site production; and iii) use of recycle materials for the prefabricated components. In addition, three main stimulators are needed in adopting prefabrication [11, 14, 15] 
